In this paper we examined the determinants of food price volatility in Nigeria using monthly data from January, 1997 to April, 2017. We employed the multivariate GARCH approach to evaluate the level of interdependence and the dynamics of volatility across these markets. In particular, the Baba-Engle-Kraft-Kroner (BEKK) model and the Dynamic Conditional Correlation (DCC) model were used for estimation. The findings showed that information shocks originating in Consumer Price Indices (CPI), lending rate, exchange rate and oil market have a direct effect on the current conditional volatility in food market while the information shocks originating in food have a direct effect on the current conditional volatility in all the markets considered except for oil. These results were insensitive to changes in data frequency and different oil price specification. Hence, the government should encourage the use of alternative sources of energy to reduce the effect of high oil prices on food prices and provide soft agricultural credit scheme to farmers with a low lending rate through specialized banks.
INTRODUCTION
The incessant increase in food price over the recent years has increasingly been gaining importance as a result of the negative outcomes, especially on the poor who spend a large share of their income on food. This volatility in food prices has led to more malnutrition and food insecurity among the poor, negative impact on trade balance, low investment and possible social unrest among most developing countries of the world (Banerjee and Duflo, 2007) . Also, the policy response to changes in food prices has become more challenging due to increasing price volatility and has complicated the investment and consumption decisions of many businesses and consumers (Roache, 2010) . Nevertheless, the effect of food price volatility on economic activities has led governmental and nongovernmental organizations to begin to respond with a new sense of urgency.
The sudden and large increases in food prices have been attributed to a number of individual factors such as exchange rate, lending rate, money supply, real GDP per capita, stocks, and oil price among others. Over the past few years, studies have observed the relationship existing between these individual factors and food price changes (Irz et al., 2013; Nazlioglu et al., 2013; Ahmadi et al., 2016) .
The problem of food insecurity is a major challenge confronting the nation. Many households are net buyers or consumers of food in Nigeria. Therefore, food price variability distorts the consumption pattern of most households and this leads to serious implications of food insecurity in the country (Akanni, 2002) . The increase in international food prices has affected the macroeconomic policy actions leading to inflationary pressures, high lending rates, and volatile exchange rate. The high interest charges on loans for agricultural production have resulted in increase of production costs. The importation of agrochemicals has made procurement difficult and again results in cost escalation arising from the depreciation of naira exchange rate. This has resulted in the low level of investment in agriculture by private sectors due to the increasing cost of farm input and a low profitability in farm enterprises in Nigeria (Olukunle, 2013) .
However, in Nigeria, some studies have shown that high commodity prices were not associated with food crises since in most situations, prices of locally produced commodity reflect poor infrastructure state of the economy which creates surplus close to the farm gate and scarcity elsewhere (Azih, 2008) . The high
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Ismail Olaleke Fasanya 1,2 food prices unveiled mostly in 1999 and in 2007 which continued to worsen in April 2008 as shown in Figure 1 , affecting prices of food such as rice, sorghum, cassava, soybean, maize, millet, and wheat the most. The food price continued to rise even after 2008 due to the demand pressures from neighbouring countries on Nigeria as a result of its important role in ensuring food security by exporting dry grains such as millet, maize, and sorghum.
Also, food production increases have not kept pace with population growth, resulting in rising food imports and declining levels of national food self-sufficiency. Due to the high importation of food, the international market prices of food could be held responsible for the increasing prices of food experienced over the years. In 2010 and 2011, there was another high increase in the price of food due to the increase in the price of petrol which transmit to the domestic economy leading to a rise in transportation cost and food price after which the price reduces from 340 to 169 in June 2016. The depreciation of Nigerian naira to dollar led to a large increase in food price in August 2016 due to the fact that Nigeria is a net food importer.
A considerable body of studies exists on the relationships between crude oil and food prices. For example, Nwoko et al. (2016) examined the effect of oil price on Nigeria's food price volatility and found out that there exists a short-run relationship between oil price and food price volatility and in the long-run, no relationship exists between oil price and food price volatility using a yearly data. However, the use of yearly data does not provide a deeper picture of the potential relationships between markets.
Therefore, the motivation of this paper lies on the macroeconomic and financial factors influencing factors of food prices volatility in Nigeria using a higher frequency data to provide a broader picture of the potential relationships between markets using the BEKK (Baba-Engle-Kraft-Kroner model) and the DCC (Dynamic Conditional Correlation) model. Our null hypothesis (H 0 ) is that macroeconomic and financial factors are not drivers of food price volatility in Nigeria while the alternative hypothesis (H 1 ) is that macroeconomic and financial factors are drivers of food price volatility in Nigeria. Against this background, the study seeks to examine the determinants of food price volatility in Nigeria.
MATERIALS AND METHODS
Data description and sources
This study uses a monthly data from January, 1997 to April, 2017 for the Real Food Price Index 3 sorghum. The returns on the series was computed due to its attractive statistical properties such as stationarity and the fact that returns across markets can be more easily compared as well as being unit/scale free (see Belasri and Ellaia, 2017) . The monthly percentage returns were calculated as r t = 100 * (lnP t / lnP t-1 ) where r t is index return, P t is the price of food, oil, exchange rate, consumer price index and lending rate at month t and P t-1 is the price of food, oil, exchange rate, consumer price index and lending rate at month t-1. Each market return was calculated in the local currency. The sample period corresponds with major economic and financial events of 2008/09 crisis and 2010/11 crisis.
Methods
The model centers on a MGARCH approach to examine the level of inter-dependence and the dynamics of volatility between oil price, stocks, exchange rate, inflation, interest rate and agricultural commodities (palm oil, rice, wheat, corn, soybean) markets in Nigeria. This paper considers both BEKK (Baba-Engle-Kraft-Kroner model) and DCC (Dynamic Conditional Correlation) model. The BEKK model is suitable to characterize volatility transmission across markets and persistence between markets. The DCC model approaches a dynamic conditional correlation matrix, which permits to evaluate whether the level of interdependence between markets changes across time.
The model proposed in this study assumes that the yields (r t ) of all the used variables follow a conditionally multivariate student t distribution with zero mean and time-dependent variance-covariance matrix which the representation of the system (r t ) is:
, ,
where r t is a 5 × 1 vector of price returns for food price index, oil, exchange rate, lending rate and consumer price index, y 0 is a 5 × 1 vector of longterm drifts, y j , with j = 1..., p, are 5 × 5 matrices of parameters, and ε t is a 5 × 1 vector of forecast errors for the best linear predictor of r t , conditional on past information denoted by I t-1 , and with corresponding variance-covariance matrix N t .
In the BEKK model having a one-time lag, the conditional variance-covariance matrix N t is given by
where C is a 5 × 5 upper triangular matrix of constants C ij , B is a 5 × 5 matrix containing elements B ij that measure the degree of origination from market i to market j, and the persistence in conditional volatility between markets i and j is shown by the elements F ij of the 5 × 5 matrix F. This specification guarantees, by construction, that the covariance matrices are positive definite. The conditional variance-covariance matrix defined in Eq. (2) allows us to analyse the direction, magnitude and persistence of volatility transmission across markets. In the DCC model, the conditional variance covariance matrix N t is defined as:
where D t is a diagonal matrix of time-varying standard deviations from the univariate generalised extreme value distribution for each EGARCH models.
n 11,t is defined as
with the 5 × 5 symmetric positive-definite matrix
i t i t ii t u r n Q is the 5 × 5 unconditional variance matrix of u t , α and β are non-negative adjustment parameters satisfying α + β < 1. Q t basically resembles an autoregressive moving average (ARMA) type process which captures short-term deviations in the correlation around its long-run level. The variance-covariance matrix defined in Equation (3) allows us to model the degree of volatility interdependence between markets across time.
RESULTS AND DISCUSSION
Preliminary analysis of food price drivers
This section presents the descriptive statistics of the return series, the correlations of monthly price returns and the estimation results of the BEKK and DCC models used to examine the level of interdependence and volatility transmission between agricultural market and other markets considered which establish the base results. Table 1 presents the descriptive statistics for the price returns in each market, revealing that price returns are higher in exchange rate market than other markets. The average monthly return in this market is 1.08% against 0.30% in food, 0.50% in oil and 0.91% in consumer price while only the lending rates have a negative average monthly returns and small standard deviations compared to the others. The returns in the five markets appear to follow a non-normal distribution using the Jarque-Bera statistic which rejects the null hypothesis that the returns are normally distributed.
The return distributions are positively skewed for all markets and the skewness are different from zero meaning that they are asymmetric distributions. The kurtosis in all markets exceeds three, pointing to a leptokurtic distribution. The oil price experienced larger fluctuations compared to other markets with difference between maximum and minimum returns (149.55 to -46.63) being the highest. Figure 2 plots the monthly returns series of Food Price Index (RRFPI), Oil Price (RROP), Exchange Rate (REXR), Lending Rate (RLR), Consumer Price Index (RCPI). It can be seen from Figure 2 that our series returns are not constant over time. Also, food price index, oil price and exchange rate exhibit a high return in January 1999 as a result of transit from military era to democratic/civilian era of governance and the introduction of Interbank Foreign Exchange (IFEM) in the economy while consumer price index show more high returns over time compared to others.
Therefore, establishing sources of interdependence on price volatility transmission requires further analysis. Table 2 reports Pearson correlations of monthly price returns providing additional perception about the potential interdependencies between the five markets. A comparison throughout the periods shows that oil, exchange rate and food markets have become more interrelated over the years. There is a statistically significant positive correlation in food price index returns, oil price returns and exchange rate return while only consumer price index returns exhibit a statistically significant negative correlation. The correlation between food and exchange rate returns is the strongest followed by the correlation between food and oil compared to the other price returns.
Finally, for a proper specification of the mean equation in a MGARCH model requires examining whether the returns series are non-stationary in order to justify for potential long-run relationships between them. Therefore, the augmented Dickey-Fuller tests with non-stationarity as null hypothesis is applied which shows that the five returns series are stationary.
Baba-Engle-Kraft-Kroner (BEKK) results
The BEKK model which allows for own-and cross volatility spillovers and persistence between markets is presented in Table 3 . The y 1ii co-efficient denotes the dependence of the return in market i on its lagged value and the dependence of the return in market i on the lagged return in market j is captured by y 1ii . The results reveal that mean return in a market is influenced by the lagged return in the same market and also showing a positive own-mean spillover expect for oil exhibiting a negative own-mean spillover.
While most of the markets unveil a cross-market mean spillovers except for the mean return in consumer price index which is not influenced by the lagged return in food price, and lastly the mean return in food price by the lagged return in lending rate (and vice-versa) .
Furthermore, the conditional variance-covariance equation shows the own-volatility spillovers i.e. the influence of lagged innovations on the current conditional return volatility in market i which is depicted by b ii and the b ij coefficients capture the direct effects of lagged innovations originating in market i on the current conditional volatility in market j. The results reveal significantly large positive own-volatility spillovers in two markets (lending rate and exchange rate) and a negative own-volatility spillover in consumer price index, oil and food price index. Considering the cross-dynamics, the result discloses that the lagged innovations (information shocks) originating in food and oil market have a direct negative effect on the current conditional volatility in Consumer Price market while lending rate and exchange rate market have a direct positive effect on the current conditional volatility in Consumer Price market. The lagged innovations (information shocks) originating in CPI, food and exchange rate market have a direct negative effect on the current conditional volatility in lending rate market while oil market has a direct positive effect on the current conditional volatility in lending rate market. Furthermore, the lagged innovations (information shocks) originating in CPI and oil market have a direct negative effect on the current conditional volatility in exchange rate market while lending rate and food market have However, the lagged innovations (information shocks) originating in exchange rate and lending rate have a direct effect on the current conditional volatility in oil market while food and CPI market have no direct effect on the current conditional volatility in oil market. Also, the lagged innovations (information shocks) originating in CPI and oil market have a direct negative effect on the current conditional volatility in food market while lending rate and exchange rate market have a direct positive effect on the current conditional volatility in food market.
Lastly, the lagged innovations originating in food market have a direct effect on the current conditional volatility in CPI, lending rate which is negative and exchange rate which is positive while there is no direct effect on the current conditional volatility in oil. The f ii coefficients denote own-volatility persistence, i.e. the dependence of volatility in market i on its own past volatility and f ij coefficients capture the direct dependence of volatility in market j on that of market i. The result shows that oil market exhibits the lowest own-volatility persistence and consumer price index exhibit the highest own-volatility persistence.
This implies that own volatility shocks in oil market derive less of their volatility persistence from their own market, as compared to lending rate, consumer price index, exchange rate and food returns where own volatility shocks have a more persistent effect over time. However, there is the direct dependence of volatility in food on that of all other markets with CPI showing the highest cross volatility persistence and there is a direct dependence of volatility in other markets on that of food except for lending rate. Also, there is direct dependence of volatility in CPI and oil price on that of all other markets while there is dependence of volatility in exchange rate on lending rate and oil price. Lastly, there is dependence of volatility in lending rate only on CPI. Table 4 reports the full estimation results of the DCC model. This model allows us to examine whether the level of volatility interdependence between markets has changed across time. The y 1ii co-efficient denote the dependence of the return in market i on its lagged value and the dependence of the return in market i on the lagged return in market j is captured by y 1ij . The results reveal that mean return in a market is influenced by the lagged return in the same market and also showing a positive own-mean spillover except for oil exhibiting a negative own-mean spillovers as revealed by the BEKK model estimation. However, the result unveils a cross-market mean spillovers existing between markets except for the mean return in consumer price index which is not influenced by the lagged return in lending rate, exchange rate, and oil. Also, the mean return in lending rate is not influenced by the lagged return in consumer price and oil price. The mean return in exchange rate is not influenced by consumer price and food price while only lagged return in exchange rate is not influencing mean return in oil price. Lastly, the mean return in food price is not influenced by the lagged return in consumer price.
Dynamic Conditional Correlation (DCC) model results
Considering the conditional variance-covariance equation, the adjustment parameters α and β satisfies the α + β < 1 and the non-negative conditions. This implies that the time-variant conditional correlations between markets are acceptable assumption in the DCC model. The ARCH result whose probability value is less than 1% indicates that there is presence of heteroscedasticity. Thus, the hypothesis of constant variance should be rejected (see Engle, 2002) . The interdependence between food and exchange rate markets also appears to have increased over the years along with the correlation between food and lending rate. These correlations considered also show peaks during the change in the governance system from military era to civilian era in the beginning of the 1999, suggesting an overall higher interrelation between food and exchange rate, food and lending markets during that specific period.
Robustness Analysis
This study further checks for robustness in order to determine the validity of the previous estimated model. Hence, different frequency data was used which is quarterly data.
The robustness table shows the same own-mean spillovers in all the market as the previous result while the cross-market mean spillovers reveals that the mean returns in CPI is influenced by the lagged returns in food and exchange rate. Also, the mean returns in oil are influenced by the lagged returns in CPI, the mean returns in food is influenced by the lagged returns in lending rate and lastly, the mean returns in lending rate are influenced by the lagged returns in CPI, exchange rate and food. This result contradicts the previous result in Table 3 while the rest of the results under the conditional mean equation in Table 5 are significant as  the one in Table 3 .
Furthermore, the conditional variance-covariance shows that there are own-volatility spillovers in all the markets as revealed by previous estimation result 
This study further check for robustness in order to determine the validity of the previous estimated model. Hence, different frequency data was used which is quarterly data. except for CPI. The cross-market volatility spillovers show that the information shocks originating in food have an effect on the current conditional volatility in oil and the information shocks originating in lending rate, exchange rate and oil have no effect on the current conditional volatility in CPI which is not the same as the previous result. However, the rest of the results under conditional variance-covariance are all significant as the previous result in Table 3 . Therefore, this study's analysis and conclusion is robust and it is not bias to frequency data.
CONCLUSION AND POLICY IMPLICATIONS
This study examined the determinants of food price volatility in Nigeria. The paper used BEKK and DCC models to estimate the level of interdependence and the dynamics of volatility across these markets. Note: * ** *** indicate significance at 10%, 5% and 1% critical level, respectively. Standard errors reported in parentheses.
